Background. Childhood infections are common in general practice. Although clinical guidelines recommend restrictive antibiotic use for children, antibiotics are too often prescribed. Objective. The aim of this study was to obtain insight in antibiotic prescribing for children related to clinical diagnoses. This is pivotal to define improvement strategies in the antibiotic management. Methods. In this observational study, we used consultation data collected from 45 general practices in the Netherlands in 2012. Infectious disease episode incidences, the number of antibiotic prescriptions per 1000 person-years, the proportion of episodes with an antibiotic prescription and the choice of antibiotic subclass were analysed for the most relevant diagnoses over different ages. Results. A total of 262 antibiotic courses were prescribed per 1000 person-years on average, with the highest number among children of 1 year (714/1000 person-years). Antibiotics were prescribed in 24% of infectious disease episodes. Acute upper respiratory tract infection (RTI) was the most common reason to visit the GP (173/1000 person-years), and the second most frequent indication to prescribe antibiotics. Antibiotics were most often prescribed for acute otitis media (58/1000 person-years). Amoxicillin dominated prescribing (55%), followed by macrolides (14%) and amoxicillin/clavulanate (10%), prescribing of narrow-spectrum antibiotics was low (10%). Conclusion. This detailed insight in antibiotic management of childhood infections shows targets for Dutch improvement strategies: (i) prevent antibiotic prescribing for acute upper RTI and bronchitis; (ii) stimulate the use of narrow-spectrum antibiotics; and (iii) reduce the use of macrolides and amoxicillin/clavulanate. Furthermore, this information is helpful to compare antibiotic policy between countries.
Background
Children mostly visit their GP with infectious diseases, including respiratory tract, ear, urinary tract and skin infections (1) . Respiratory tract and ear infections are often viral and self-limiting. Antibiotic treatment is therefore only recommended for specific indications and/ or severity of disease and for vulnerable children, with a preference for narrow-spectrum antibiotics (2) (3) (4) (5) (6) . Meanwhile, inappropriate use of antibiotics is a worldwide concern, because antibiotic consumption is directly related to the development of bacterial resistance (7) . Furthermore, overprescribing results in medicalization and unnecessarily exposes children to adverse effects, all of which increase health care costs. Overprescribing of antibiotics has repeatedly been shown, even in a low-prescribing country like the Netherlands (8) (9) (10) .
Antibiotic management varies across countries in Europe due to differences in incidence and severity of patient presenting with infectious diseases, GPs' treatment decisions and types of prescribed antibiotics. Overall trends of antibiotic use by children have often been described but rarely in relation to the specific diagnoses for which they were used (11) (12) (13) (14) . To obtain a complete picture of antibiotic management of children by GPs, all successive steps, consultation incidences, the proportion of episodes with an antibiotic prescription and the choice of antibiotic, should be described per individual diagnoses. The aim of this study is therefore to provide this detailed description of infectious disease management of children of various ages. This is expected to be helpful to define focus and targets for improvement strategies.
Methods

Data source
The primary care network and data collection have been described previously (8) . In short, anonymous routine primary health care data from 2012 were retrieved from the digital patient records from Julius General Practitioners Network practices. This network consists of 45 general practices in Utrecht and its vicinity with 160 GPs, full-time and part-time. Participating practices are located in the city of Utrecht and in the surrounding villages. We regard this group of GPs with their population as a representative sample of the Dutch population. The database contains information on all office-hours contacts during week days, including diagnoses and prescription data. Consultations are coded with a diagnosis or main symptom using the International Classification of Primary Care (ICPC), and all antibiotic prescriptions are registered according to the WHO guidelines for Anatomical Therapeutic Chemical classification (15, 16) . For this study, we used all infectious disease contacts of children under 18 years of age. Our analysis was based on constructed disease episodes that included individual consultations with the same ICPC code within a predefined time frame. This time frame was different for all ICPC codes, and based on expert opinion, time frames were described in the supplementary data of the study of van den Broek d'Obrenan et al. (8) .
Study outcomes and analyses
We calculated the following outcomes in order to present the complete picture of infectious disease management in children:
1. The number of infectious disease episodes per 1000 personyears. Person-years refer to the number of registered children in the participating practices in 2012, adjusted for the time that they were registered (birth/death and entering/leaving the practice were taken into account 
Results
Incidences of episodes and antibiotic prescriptions
The study population consisted of 55 794 children, which resulted in 52 022 person-years. This difference was mainly due to newborns during the year. In total, 53 517 infectious disease episodes were identified and 13 616 antibiotic courses were prescribed, resulting in 1029 disease episodes and 262 antibiotic courses per 1000 person-years on average. For all ages, the number of disease episodes, together with the number of prescribed antibiotics per 1000 person-years, are shown in Figure 1 . As expected, these outcomes coincided well with the highest number of disease episodes and the highest number of prescribed antibiotics among children aged 1 year (respectively, 2606/1000 person-years and 714/1000 person-years) and the lowest among children aged 14 years (520/1000 person-years and 88/1000 person-years, respectively). The proportion of disease episodes with at least one antibiotic prescription is shown in Figure 2 for all ages. The mean proportion was 24% but varied with age. The highest proportion antibiotic prescriptions was observed for children aged 2 years (29%) and the lowest for children aged 14 years (16%), with a steady increase from 14 to 17 years of age. Most relevant diagnoses for consulting the GP and prescribing antibiotics Figure 3 shows the 10 most frequent diagnoses for antibiotic prescribing and the proportion of antibiotic prescriptions per age. Per indication, prescribing proportions were about similar for the age categories. However, for acute otitis media and asthma, the proportion of episodes treated with antibiotics decreased with age, and for cystitis, these episodes relatively increased with age. For children aged 0-2 years, the episode incidence was highest in acute upper respiratory tract infections (RTIs). Most antibiotics were prescribed for acute otitis media (193/1000 person-years). In 55% of the episodes with acute otitis media, an antibiotic was prescribed, followed by 14% of the episodes with acute upper RTI, resulting in 77 antibiotic courses per 1000 person-years, which was therefore the second most frequent indication to prescribe antibiotics. Children of 3-5 and 6-11 years consulted again most for acute otitis media, acute upper RTI and cough. Antibiotic prescribing was most frequent in the following diagnoses: acute otitis media (79/1000 person-years and 20/1000 person-years, respectively) and acute upper RTI, followed by acute tonsillitis and cystitis. Among the oldest children (12-17 years of age), the most frequent indication to consult the GP was asthma, the most common indication for antibiotic prescribing was cystitis. Moreover, acne appeared in this age group for which in 16% of the episodes an antibiotic was prescribed, resulting in 7 prescriptions per 1000 person-years.
Types of antibiotics prescribed
Amoxicillin was the most frequently prescribed antibiotic in all age categories (143/1000 person-years), followed by macrolides (36/1000 person-years) and amoxicillin/clavulanate (27/1000 person-years), as shown in Table 1 . Amoxicillin comprised 72% of all antibiotic prescriptions for children aged 0-2 years. The absolute number of prescribed macrolides was highest in the youngest children (75/1000 person-years) and declined with age, as was seen for amoxicillin/clavulanate. Fluoroquinolones and tetracyclines were rarely prescribed for young children. As age progresses, relatively less amoxicillin was prescribed, which was replaced by tetracyclines, narrow-spectrum penicillins (pheneticillin and flucloxacillin), fluoroquinolones and nitrofuran derivatives. Nitrofuran derivatives were mostly prescribed to children of 12-17 years (23/1000 person-years). Figure 4 presents the subclasses of prescribed antibiotics for the 10 most relevant diagnoses for antibiotic prescribing. For acute otitis Numbers of prescribed antibiotic courses per 1000 person-years (n), for each 'subclass' and per age category. Percentage of total prescribed antibiotics is given (%). For the most frequent used diagnoses for antibiotic prescribing, the relative distribution of prescribed antibiotics is shown. When more than one antibiotic course was prescribed within one episode, only the first prescribed antibiotic was included. H71: acute otitis media; R74: acute upper RTI; R76: acute tonsillitis; R81: pneumonia; R05: acute cough; R78: acute bronchitis/bronchiolitis; R96: asthma; A03: fever; R75: sinusitis acute/chronic; S84: impetigo; U71: cystitis.
Distribution of antibiotic subclasses per diagnosis
media, 86% of the prescribed antibiotics comprised amoxicillin. For the RTIs, the most often prescribed antibiotic was also amoxicillin, however, second-choice antibiotics, like macrolides and amoxicillin/ clavulanate, were also prescribed for cough, upper RTI's, bronchitis, pneumonia and asthma. For cystitis, amoxicillin/clavulanate was mainly prescribed for the youngest children (91%), with a shift to nitrofuran derivatives (87%) and sulphonamides and trimethoprim (9%) for the oldest children as shown in the supplementary data. For acute tonsillitis, the first-choice antibiotic, pheneticillin, was prescribed in 60%, whereas broad-spectrum antibiotics like macrolides and amoxicillin were mainly prescribed in the youngest age category (respectively 20% and 44%, see supplementary data). Also for impetigo, relatively more broad-spectrum antibiotics were prescribed for younger children.
Conclusion
Main findings
Our study showed that for children, a total of 262 antibiotic courses were prescribed per 1000 person-years, with the highest number for children of 1 year of age (714/1000 person-years). Overall, in 24% of the presented infectious disease episodes an antibiotic course was prescribed. Our data fully captured the diagnoses for which the antibiotics were prescribed, and acute upper RTI was the second most frequent indication for antibiotic prescription, and the most common reason to visit the GP. Amoxicillin dominated prescribing (55%), followed by the second-choice antibiotics, macrolides (14%) and amoxicillin/clavulanate (10%). The overall proportion of narrow-spectrum antibiotics, pheneticillin (6%) and flucloxacillin (4%), was low.
Strengths and limitations
Our study provided detailed insight into consultation of and antibiotic prescribing for infectious diseases in a population of over 55 000 children. Moreover, as antibiotics are not available over the counter in the Netherlands, and patients always visit their own practice, these data are highly representative of antibiotic management in the community. The main strength of this study is that consultation and antibiotic prescribing are linked to clinical diagnoses, providing a detailed insight into both consultation behaviour and antibiotic prescribing for each individual diagnosis. This is highly relevant for two reasons. First, to enable defining focus and targets for improvement strategies and second, to compare antibiotic prescribing quality between countries. By simply comparing antibiotic prescribing proportions, misinterpretation can occur when consultation incidences differ. Even with a lower proportion of episodes treated with antibiotics, the absolute number of prescriptions can be higher when patients present more often, this can obscure data interpretation in countries where many patients present with mild illness. Data from different countries are better interpretable when a complete description of patient consultation and GP prescribing practice per diagnosis is provided. A possible limitation of this study can be diagnostic labelling to justify an antibiotic prescription. For example, when a cough without alarm symptoms is labelled as pneumonia to 'allow' antibiotic prescribing. However, in routine care data, the possibility of intentional misclassification is lower as compared to auditbased data. Furthermore, intentional misclassification seemed less likely in these data as there was substantial antibiotic prescribing for indications for which antibiotics are not indicated. Second, we analysed prescribing data, and it is not clear whether patients indeed collected and took their prescribed medication. A previous study showed non-adherence to antibiotics for acute cough or lower RTI (17) . Our study therefore might have overestimated antibiotic usage. However, these data do provide reliable information on patient consultation and GPs' prescribing practice, which was the goal of this study. Finally, according to the guidelines of the Dutch College of GPs, antibiotic treatment is always indicated for pneumonia and for children, under 12 years, with cystitis (2,18). We haven't found this adherence in the data, but don't expect underprescribing either. GPs could have chosen for additional investigation and/or referral to secondary care for these patients. A third limitation is that our database didn't capture information on these management strategies.
Comparison with existing literature
Antibiotic prescribing was studied for the whole population with data from 2010, collected from the same network (8) . This previous study showed a total number of 1065 infectious disease episodes with 299 antibiotic prescriptions per 1000 person-years compared with 1029 episodes with 262 antibiotic prescriptions per 1000 person-years in our child-specific study. This comparison shows prudent antibiotic use for children, which fits the reticent attitude of Dutch parents and the trust they have in the reassurance and decision of their GP. For the whole population, most antibiotics were prescribed for cystitis, acute upper RTI and acute otitis media. Their analyses also included children, and as it is known that otitis media is mainly child specific, for adults, most antibiotics were prescribed for cystitis, acute upper RTI, acute sinusitis and bronchitis. Compared with other European countries, antibiotic prescribing in the Netherlands is low for children as well as for adults (13, 14, 19) . A recent study from Denmark, also known for low prescribing, showed a slightly higher number of antibiotic prescriptions A higher use of real narrow-spectrum penicillin is apparent in other European countries. In the Netherlands, only for throat infections, pheneticillin is the first-choice antibiotic, but in Scandinavia, it is often prescribed for acute upper RTIs and acute otitis media as well. For example, in Denmark, 33% of the prescribed antibiotics for children of 0-2 years are beta-lactam sensitive penicillins (J01CE) versus 2% in the Netherlands (13) . Guideline recommendations in Denmark explicitly discourage the use of broad-spectrum antibiotics as first-line treatment (13) . Macrolide prescribing has decreased slightly since 2001, from 16% to 14%. The use of macrolides might be explained by convenience (a short, once-daily regimen) and by childhood taste preferences.
Recommendations to improve antibiotic prescribing in Dutch primary care
Our data comprehend implications for clinical action. First, awareness and focused attention is needed to prevent unnecessary antibiotic prescribing for viral and/or self-limiting disease. Although the number of prescribed antibiotics is comparatively low in the Netherlands, there is clear evidence from this and previous studies for overprescription for respiratory disease (9, 10) . We showed that among children many antibiotics were prescribed for diagnoses, for which antibiotics are generally considered inappropriate: acute upper RTI, acute cough, bronchitis and for asthma, which is not considered as a risk factor for a complicated course of cough (2) . Better recommendations for a non-antibiotic, symptomatic relief treatment and a better explanation to parents about this are needed to prevent unnecessary prescribing. This might furthermore reduce the number of (re)consultations for these high-incidence diagnoses and improve knowledge. Second, the widespread use of amoxicillin in the Netherlands for children needs attention, by propagating prescribing of the narrow-spectrum antibiotic pheneticillin, especially in throat infections (5) . Guideline developers should incorporate resistance profiles for small-spectrum penicillins in recommendations for acute otitis media and other RTIs. Third, reducing prescribing of macrolides and amoxicillin/clavulanate should be a target for intervention, as these are only indicated for children with penicillin allergy or for specific diseases like whooping cough (2,5).
International implications
Improving GPs' antibiotic prescribing practice requires detailed insight in current infectious disease management. Therefore, we encourage other countries to relate their antibiotic prescriptions to clinical diagnoses as well. This better allows for benchmarking between countries, which provides tools for national improvement strategies and stimulates quality improvement.
